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Description 

[METHOD OF READING DATA FROM 
HIGH DENSITY OPTICAL RECORDING 

MEDIUM] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92117780, filed on June 30, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of reading data 
from an optical recording medium, and more particularly 
to a method of reading data from a high density optical 
recording medium. 

[0004] Description of Related Art 

[0005] Because new electronic devices, such as computer, com- 
munication and consumer electronic products, are being 
popularly used, the demand for extending storage capaci- 
ties of these electronic devices continues to increase. For 



example, CD, CD-R and CD-RW, which have low prices, 
high read/write speed and high compatibility with other 
devices are generally used in recording media. For reading 
data from an optical disk, a laser beam is focused onto 
the active surface of the optical disk, which transmits 
through a transparent substrate and the reflected light 
upon impinging on pits formed on the optical disk is 
picked up by the pick up head. 

[0006] Because of the high demand for high storage density, 

small size and low manufacturing cost for storage media, 
high density optical recording media has become the main 
stream of development. To increase the density of the 
storage media, generally, one approach is to efficiently 
compile the data, another approach is to reduce the pit 
size and the track pitch, yet another approach is to in- 
crease the NA of pick up head, and still yet another ap- 
proach is to utilize short-wavelength laser and multiple- 
layer technology. 

[0007] Digital Versatile Disc (DVD) uses optical lens with high NA 
and short-wavelength laser for increasing storage capac- 
ity. It has eight times the storage capacities of a general 
optical disk, which is achieved by reducing track pitches 
of the disc and the sizes of light spots of the pick up 



heads. Therefore, the track pitches of DVD are being 
shrunk from 1.6 urn to 0.74 urn, and the sizes of light 
spots are being shrunk form 1 urn to 0.65 urn. 

[0008] The shrinkage of light spots comes from the utilization of 
short-wavelength laser and increase of NA of object lens. 
Recently, Blue-Ray- System-Disc has a capacity from 23.3 
to 27 GB, which is five times that of DVD. It can record a 
two-hour program of high definition TV (HDTV) or a thir- 
teen-hour program of normal TV. Blue-Ray-System-Disc 
has a superior capacity because of shrinkage of light 
spots and increase of NA of lens. Presently, the smallest 
recording mark length fabricated is about 140 nm. 

[0009] From the above descriptions, the development of record- 
ing density of optical disc focuses on shrinkage of light 
spots. When the light spots shrink, however, the wave- 
length of laser will reduce and NA of lens will increase. 
The increase of NA of lens is implemented by reducing fo- 
cal length of the object lenses and by positioning the pick 
up head close to the disc. However, when the pick up 
head is too close to the optical disk, the pick up head may 
touch the optical disk and gets damaged. Moreover, 
shrinkage of light spots and the increase of NA of lens are 
limited due to limitation of wave-length of the laser. The 



equipment used for fabricating DVD is not suitable to 
manufacture Blue-Ray- System-Disc; therefore additional 
equipments are required and thereby increasing the man- 
ufacturing cost. 

[0010] | n a situation when the mark size is smaller than the ra- 
dius of a focused light spot, it is difficult for optical sys- 
tems to determine the two such neighboring marks due to 
diffraction phenomenon. According to Rayleigh principle, 
the observation of an object in a distance larger than the 
wavelength of light will be affected by diffraction limit. In 
other words, the resolution limit of a traditional optical 
microscope is X/2 of focus light. Under Rayleigh principle, 
the distance between two objects must be larger than, or 
equal to, 1.22X/2nsin6 then these two objects can be ob- 
served as distinct objects, wherein X is light wavelength, n 
is refractive index, 6 is half angle of an object aperture. 
The formula used to measure the size of light spot is: X/ 
2NA, which is similar to the formula of diffraction limit. 
For the DVD system, the light spot size is 531 nm when X 
is 637.7 nm and NA is 0.6. 

[001 1] Presently, the smallest size recording mark of a DVD fab- 
ricated is about 400 nm, which is smaller than the focused 
light spot. Because of diffraction limit, theoretically, the 



data stored therein cannot be read. However, because a 
non-recording area of about 400 nm is formed between 
two recording marks, the pick up head reads the record- 
ing mark train and generates different periodic square 
waveforms. Therefore, "0" and "1" digital signals are gen- 
erated therefrom. The distance between centers of neigh- 
boring recordingmarks is 800 nm, which is larger than the 
focused laser light spot and the issue of diffraction does 
not occur. The formula suitable for optical disk in mea- 
suring diffraction limit is X/4NA, which is half of the fo- 
cused light spot and called as resolution limit. The resolu- 
tion limit of DVD is 265 nm. It means that when the 
recording mark is smaller than the resolution limit, the 
carrier to noise ratio (CNR) value is small and cannot be 
read by the pick up head. 

[0012] | n order to overcome this problem, asuper-resolution near 
field structure is proposed. The application of super- 
resolution near field is capable of increasing the capacity 
of optical disc by 2 to 20 times. 

[0013] N ear Field Optics is a new theory. In 1928, E. H. Synge had 
proposed to get optical signals within a near field range, 
i.e. before the generation of electromagnetic wave inter- 
ference and diffraction in order to overcome the limitation 



due to diffraction. In 1956, an American, C'keefe, also 
proposed the same theory in which a hole smaller than 
the wavelength of light is used to detect optical signals. 
Because the limitation of technology, the theory could not 
be proved. In 1972, E. A. Ash and G. Nicholes used mi- 
crowave having 3-cm wavelength to prove the theory. 
They got a resolution about 1/60 wavelength near to an 
object before the generation of diffraction. It was the first 
time that the near field theory was proved. 
[0014] | n 1992, Bell Lab. of AT&T found super high density sur- 
face record on a CoPt multiple layer by near field optical 
theory. They used a nano-degree fiber probe for trans- 
mitting and receiving light, formed 60-nm recording 
marks on the CoPt multiple thin layer and collected sig- 
nals from the recording marks. From their experimental 
results, each square inch could store 45 Ciga bits data. 
But, the disadvantages of the method are that the nano- 
degree fiber probe is fragile, that a high precision control 
equipment is required to maintain the probe in a required 
distance and read/write and record speeds are very slow. 
Therefore, it is not suitable for the modern recording me- 
dia with high read/write speed, high mobility and robust- 
ness thereof. 



[0015] | n 1998, Dr. Junji Tominaga in Agency of Industrial Sci- 
ence and Technology of MITI in Japan disclosed super- 
resolution optical near-field structure (Super-RENS) for 
recording near field optical signals. His idea is very easy 
and totally changed the development of near field record- 
ing. He used a nano-degree non-lineal optical thin film 
and a dielectric layer to replace the fiber probe, nano- 
degree optical hole and a feed-back apparatus for main- 
taining the probe close to the sample. Because, the mate- 
rial property of the non-lineal optical film, such as Sb, 
AgOx, or WOx, and the fixed space between the non- 
lineal optical film and the dielectric layer, the super- 
resolution optical near-field recording is achieved by us- 
ing laser to control the recording mark sizes, which are 
smaller than the diffraction limit, wherein the film struc- 
ture included a substrate, a bottom dielectric layer, a non- 
lineal optical layer, an isolation layer, a recording layer 
and a top dielectric layer. Therefore, the problems gener- 
ated from the fiber probes and disk closed driver are 
eliminated. The theory is that a laser light passes through 
the substrate and the bottom dielectric layer, and makes 
oxide thin film generate metal grains thereon, forming a 
scattering spot. Because of the near field distance, 



diffraction limit is avoided and light from the scattering 
spot will be absorbed and reflected in the recording layer 
for identifying mark sizes. 

[0016] Therefore, near-field optical disk has 2 to 20 times the 
capacity of traditional optical disk just by changing the 
track pitch of optical disk, mark sizes and film structures 
of optical disk without changing hardware of disk drivers. 

[0017] Although near-field optical disk has 2 to 20 times the ca- 
pacity of traditional optical disk, it still needs additional 
non-lineal optical thin film layer and dielectric layer. 

[0018] The present invention discloses a method different from 
the super-resolution non-lineal optical method that is 
simple but different from the traditional methods applied 
to commercial recording media, such as CD, DVD, etc. It 
can be applied to recording media without non-lineal op- 
tical layers. 

[0019] Traditionally, the reading power used in disk driver is 

lower than 1 mW, which is about 0.7 mW, and the smallest 
mark is larger than the resolution limit. No disk driver 
having reading power more than 1 mW has been applied 
thereto. Traditional recording media, such as CD-R, CD- 
RW, DVD-R, DVD-RW and DVD-RAM, do not have the 
non-lineal optical layers. Therefore, no super-resolution 



phenomenon has been reported in this system. 

[0020] Moreover, it is generally believed that non-lineal optical 
layers in the recording medium of the optical disk are 
prerequisite requirement for providing super-resolution 
phenomenon to generate surface plasma. Nobody has 
ever thought of the other possibilities. 

[0021] The present invention discloses a method, which is differ- 
ent form the traditional and super-resolution optical 
methods to achieve super resolution by using recording 
media without the non-lineal optical layer. 

[0022] The material generated from the non-lineal optical layer is 
metal having non-lineal optical characteristics. In addi- 
tion, the phase-change recording layer also comprises a 
metal. If a single metal layer posses the non-lineal optical 
characteristics, the process can be simplified. Further, be- 
cause the single metal layer posses the non-lineal optical 
characteristics, and therefore, it is possible to record and 
read recording marks smaller than the resolution limit. 

[0023] | n general, when the resolution limit is high, the CNR 

value of conventional optical recording medium does not 
increase significantly as the reading power increases and 
reaches a constant value. Alternatively, if the reading 
power is too high, the CNR value is reduced due to high 



energy, which would easily damage some of the recording 

point. 
Summary of Invention 

[0024] Therefore, the object of the present invention is to pro- 
vide a method for reading data from a high density optical 
recording medium. Even though the length of the record- 
ing mark is smaller than the resolution limit of an optical 
system, the optical signal therefrom can be detected. 
Therefore, the issue of resolution limit is resolved and the 
recording density of the medium is increased. 

[0025] Another object of the present invention is to reduce costs 
of the manufacturing. The recording mark smaller than 
the resolution limit of an optical system can be detected 
by using a recording medium without requiring the non- 
lineal optical layers and thereby raising light source read- 
ing power thereon. Accordingly, costs on fabrication cost 
of non-lineal optical layers can will not be avoided in- 
creased as the existing production line can be utilizedand 
does not require any special apparatus and thus the over- 
all manufacturing cost can be effectively reduced. 

[0026] a further object of the present invention is to burn the 
optical recording medium in a manner that the result of 
the burning of the recording medium meets the present 



spec. 

[0027] | n accordance with the objects described above, the 
present invention provides a method for reading data 
from a high density optical recording medium. A high 
density optical recording medium comprises: a substrate; 
a first dielectric layer formed on the substrate; a recording 
layer formed on the first dielectric layer, the recording 
layer for absorbing heat and generating a recording mark 
with a different reflective index after being exposed to a 
laser light source; a second dielectric layer formed on the 
recording layer; a reflective layer formed on the second 
dielectric layer and a polymer layer formed on the reflec- 
tive layer. When reading data, light passes through a 
splitter and a lens and travels to recording marks within 
the high density optical recording medium, lights re- 
flected from the recording marks with different reflective 
indexes pass through the splitter to an optical detector 
where the reflected lights are transformed into electrical 
signals. The electrical signals are processed by a decoder 
for generating readable signals. Then a value is generated 
from a formula Pr/(X/NA), which is an empirical formula, 
wherein Pr is a light source reading power (mW); X is a 
wavelength (urn); and NA is a numerical aperture, when 



the value is from about 1.15 to about 8 mW/um, a 
recording mark within the high density optical recording 
medium which is smaller than a resolution limit of an op- 
tical system is detected. When Prl is larger than Pr2 and 
Prl/(X/NA)> 1.15, CNR of Prl is larger than that of Pr 2 by 
testing the recording marks smaller than the resolution 
limit of an optical system. Therefore, the recording signal 
of Pr is better than that of Pr . 

1 2 

[0028] The recording layer is a combination of an element se- 
lected from a group consisting of Ge, Sb, Te, Ag, In, Sn, 
Se, Ga, Bi and V group element, and oxide or nitride 
thereof. The first dielectric layer and the second dielectric 
layer separately are SiNx, ZnS-Si0 2 , AINx, SiC, GeNx, 
TiNx, TaOx, YOx, GeCrN, AINx, or a combination thereof. 
The reflective layer is selected from a group consisting of 
Au, Ag, Al, Ti, Pb, Cr, Mo, W, Ta, Cu, Pd and an alloy 
thereof. 

[0029] The present invention discloses a method of reading data 
from a high density optical recording medium. The 
method of reading data capable of reading recording 
mark smaller than the resolution limit of an optical system 
and therefore the recording density can be further in- 
creased. Further, the recording mark smaller than the res- 



olution limit of an optical system can be detected without 
requiring the non-lineal optical layers and thereby in- 
creasing the light source reading power thereon. Further, 
costs on fabrication of non-lineal optical layers can be 
avoided and thus the overall manufacturing cost can be 
effectively reduced. 
[0030] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0031] FIG. 1 is a schematic drawing showing a method of read- 
ing data from a high density optical recording medium of 
the present invention. 

[0032] FIGS. 2A-2D are cross-sectional configurations showing 
various high density optical recording media applied in 
the method of the present invention. 

[0033] FIG. 3 is a first schematic configuration showing the rela- 
tionship between the size of the recording mark and CNR 
when the light source reading power is 1.4 mW according 
to the method of the present invention. 

[0034] FIG. 4 is a schematic EQ signal configuration showing the 
tested result under continuous reading mode after 



Equalier when the light source reading power is 2.4 mW 
according to the method of the present invention. 

[0035] FIG. 5 is a schematic configuration showing the relation- 
ship between the size of the recording mark and CNR of a 
second tested result according to the method of the 
present invention. 

[0036] FIG. 6 is a schematic EQ signal configuration showing a 

third tested result under continuous reading mode after 

Equalier when the light source reading power is 2.5 mW 

according to the method of the present invention. 
Detailed Description 

[0037] Referring to FIG. 1, a schematic drawing showing a 
method of reading data from a high density optical 
recording medium of the present invention is depicted. 
Light from a light source 10 passes through a splitter 11 
and a lens 12 and travels to recording marks (not shown) 
within the high density optical recording medium 13. Re- 
flected lights upon impingement from the recording 
marks with different reflective indices pass through the 
splitter 11 and refract to an optical detector 14 where the 
reflected lights are transformed into electrical signals. The 
electrical signals are processed by a decoder (not shown) 
for generating readable signals. 



[0038] FIGS. 2A-2D are cross-sectional configurations showing 
various high density optical recording media applied in 
the method of the present invention. The high density op- 
tical recording media comprises: a substrate 31; a first di- 
electric layer 32 formed thereon; a recording layer 33 
formed on the first dielectric layer 32, wherein the record- 
ing layer 33 is for absorbing heat and generating a 
recording mark with a different reflective index after be- 
ing exposed to a laser light source; a second dielectric 
layer 34 formed on the recording layer 33; a reflective 
layer 35 formed on the second dielectric layer 34; and a 
polymer layer (not shown) formed on the reflective layer 
35. 

[0039] The substrate 31 is a transparent substrate having a sig- 
nal surface, which is comprised of, for example, glass, 
Polycarbonate (PC), Polymethylmethacrylate (PMMA) or 
Metallocene Catalyzed Cyclo Olefin Copolymer (MCOC). 

[0040] The first dielectric layer 32 is formed on the substrate 31, 
which is comprised of, for example, SiNx, ZnS-Si0 2 , AINx, 
SiC, GeNx, TiNx, TaOx, YOx, GeCrN or AINx. The first di- 
electric layer 32 can be a single-layer dielectric or a 
multi-layer dielectric structure, wherein when the first di- 
electric layer is a multi-layer dielectric structure, the 



multi-layer dielectric structure can be fabricated using 
one or more dielectric layers comprising, for example, 
SiNx, ZnS-Si0 2 , AINx, SiC, GeNx, TiNx, TaOx, YOx, GeCrN 
or AINx. 

[0041] The recording layer 33 is formed on the first dielectric 

layer 32, which is comprised of, for example, a combina- 
tion of an element selected from a group consisting of Ge, 
Sb, Te, Ag, In, Sn, Se, Ga, Bi and V group element, and ox- 
ide or nitride thereof. The second dielectric layer 34 is 
formed on the substrate 33, which is, for example, SiNx, 
ZnS-Si0 2 , AINx, SiC, GeNx, TiNx, TaOx, YOx, GeCrN or 
AINx. The second dielectric layer 34 can be a single-layer 
dielectric or a multiple-layer dielectric, wherein when the 
second dielectric layer is a multi-layer dielectric structure, 
the multi-layer dielectric structure can be fabricated using 
one or more dielectric layers comprising, for example, 
SiNx, ZnS-Si0 2 , AINx, SiC, GeNx, TiNx, TaOx, YOx, GeCrN 
or AINx. 

[0042] The reflective layer 35 is selected from a group consisting 
of Au, Ag, Al, Ti, Pb, Cr, Mo, W, Ta, Cu, Pd and an alloy 
thereof. A polymer layer (not shown) is formed on the re- 
flective layer. 

[0043] Then a value is generated from a formula Pr/(X/NA), 



wherein Pr is a light source reading power (mW); X is a 
wavelength (urn); and NA is a numerical aperture, when 
the value is from about 1.15 to about 8 mW/um, a 
recording mark within the high density optical recording 
medium which is smaller than a resolution limit of an op- 
tical system is detected. 

[0044] Referring to FIG. 2B, the high density optical recording 
medium applied further comprises an isolation layer 36 
between the second dielectric layer 34 and the reflective 
layer 35. As shown in FIG. 2C, an isolation layer 36 also 
can be formed between the first dielectric layer 32 and the 
recording layer 33. The isolation layer comprises, for ex- 
ample, SiC, Si0 2 , Ti0 2 , A^Ox, GeCrN, GeN or AINx. 

[0045] Referring to FIG. 2D, the high density optical recording 

medium applied further comprises a first crystallization-ac- 
celeration layer 371 between the recording layer 33 and 
the first dielectric layer 32, and a second crystallization-ac- 
celeration layer 372 between the recording layer 33 and 
the reflective layer 35. The first and second crystalliza- 
tion-acceleration layers comprises, for example, SiC, 
GeCrN, GeN or AINx. 

[0046] | n order to prove performance of the method for reading 
data from a high density optical recording medium of the 



present invention, following is a embodiment complied 
with configurations showing the method of reading data 
from a high density optical recording medium in accor- 
dance with the present invention. 
[0047] Referring to FIG. 3, a first schematic configuration show- 
ing the relationship between the size of the recording 
mark and CNR when the light source reading power is 1.4 
mW according to the method of the present invention, 
wherein the structure of the optical recording medium is: 
PC/ZnS-Si0 2 / AglnSbTe/ZnS-Si0 2 /SiC/Ag. As shown in 
FIG. 3, when the size of the recording mark is 200 nm and 
reading power is 1.4 mW, CNR is 38 dB. The reading 
power 1.4 mW can trigger high-resolution mechanism and 
the recording marks with 350 nm have smaller thermal 
effects. Moreover, CNR curves of Pr = 1 and 1.4 mW over- 
lap with each other; it means that the reading powers Pr = 
1 and 1.4 mW do not seriously affect the recording layer 
and erase the recording marks. When reading power is 1.4 
mW and the recording mark is 200 nm, Pr/(X/NA) is 1.317 
and CNR is 38 dB. When reading power is 1 mW and the 
recording mark is 200 nm, Pr/(X/NA) is 0.941 and CNR is 
21dB. They satisfy the requirements described above 
(X=637.7nm; NA=0.6). 



[0048] Referring to FIG. 4, numbers of 200-nm recording marks 
are recorded on a 5 mm band. Then a continuous reading 
mode is performed to avoid erasing prior tested recording 
marks. The continuous reading model means that the pick 
up head will go to different tracks, and do not repeat on 
the same track, which also is a normal operational mode 
within disk driver. Under the continuous reading mode, 
CNR is 42 dB when the size of the recording mark is 200 
nm and reading power is 2.2 mW. 

[0049] Referring to FIG. 5, a schematic configuration showing a 
second tested result according to the method of the 
present invention, wherein the structure of the optical 
recording medium is: PC/ZnS-Si0 2 / 
GeCrN/GeSbTe/GeCrN/AgCr is depicted. Under the con- 
tinuous reading mode, GeSbTe can get a better CNR in 
which CNR is 46 dB when the size of the recording mark is 
200 nm and reading power is 4 mW. 

[0050] Referring to FIG. 6, a schematic EQ signal configuration 

showing the tested result under continuous reading mode 
after Equalier according to the method of the present in- 
vention, wherein the structure of the optical recording 
medium is: PC/ZnS-SiO^GeCrN/Ge^Te^GeCrN/AICr is 
depicted. Under the continuous reading mode, CNR is 46 



dB when the size of the recording mark is 200 nm and 
reading power is 2.5 mW. 

[0051] From the descriptions above, under red-light system 

when Pr/(X/NA) is from about 1.15 to about 8 mW/um, a 
recording mark within the high density optical recording 
medium which is smaller than a resolution limit of an op- 
tical system is detected, thereby allowing further increase 
in the recording density and also increase light source 
reading power without changing the structure of the opti- 
cal recording medium. 

[0052] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention, which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



